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In the molecular structure of the title neutral binuclear 
complex, [Cd2(C2H302)4(Ci2Hi2N20)4]-4H20, each Cd" atom 
is six-coordinated and exhibits a distorted octahedral 
geometry. Three O atoms from two acetate ions and one 
monodentate 3-(l//-imidazol-l-yl-/fA^^)-l-phenylpropan-l- 
one (L) ligand form the equatorial plane, while the 
bridging-O atom forming the longer Cd— O distance,and the 
N atom of the second L ligand, forming the longer Cd— N 
distance, occupy axial positions with an N— Cd— O angle of 
170.77 (7)°. Intermolecular O— H- ■ -O hydrogen bonds exist 
between the lattice water molecules and the acetate ions of 
adjacent molecules, resulting in a two-dimensional supra- 
molecular structure. 

Related literature 

For reviews on the generation of supramolecular structures 
based on coordination complexes, see: Barnett & Champness 
(2003); Roesky & Andruh (2003); Zaworotko (2001). 




Experimental 

Crystal data 

[Cd2(C2H302)4{Ci2Hi2N20)4] - 

4H2O 
Mr = 1333.98 
Monoclinic, P^Jc 
a = 18.818 (3) A 
b = 10.6490 (17) A 
c = 15.864 (3) A 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T^„ = 0.808, r„„ = 0.857 

Refinement 

R[F^ > 2a{F^)] = 0.031 

wR(F^) = 0.077 

5 = 1.00 

6806 reflections 

372 parameters 



Table 1 

Selected bond lengths (A). 



P = 112.036 (2)° 
V = 2946.8 (8) A^ 
Z = 2 

Mo Ka radiation 
II = 0.80 mm"' 
r = 296 K 

0.28 X 0.22 X 0.20 mm 



17422 measured reflections 
6806 independent reflections 
4666 reflections with / > 2a(I) 
Ri„, = 0.027 



1 restraint 

H-atom parameters constrained 
Ap„^ = 0.53 e A-' 
Apmin = -0.46 e A"' 



Cdl-05' 


2.2331 (18) 


Cdl-03 




2.354 (2) 


Cdl-Nl 


2.238 (2) 


Cdl-04 




2.446 (2) 


Cdl-N3 


2.349 (2) 


Cdl-05 




2.5855 (18) 


Symmetry code: (i) — x - 


hl,-y + 2, -zH 


-2. 






Table 2 










Hydrogen-bond geometry (A, °). 








D-H-A 


D-H 


H- ■ -A 


D---A 


D-H- - A 


07-H7^- ■ 03" 


0.85 


2.11 


2.949 (3) 


169 


07-H7B- ■ 04'" 


0.85 


1.99 


2.829 (3) 


171 


08-H8B- ■ 06"' 


0.85 


2.03 


2.838 (3) 


159 


08-H8/1- ■ 07" 


0.85 


1.97 


2.818 (3) 


174 


Symmetry codes: fii) — .\ 


4-l,y-i,-z-f- 


|; (iii) x,y,z- 


1; (iv) -.1: + 1. 


-V + 1, -z. 



Data collection: APEX2 (Bruker, 2003): cell refinement: SAINT 
(Bruker, 2003); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008) and DIAMOND (Brandenburg & 
Berndt, 1999); software used to prepare material for publication: 
SHELXTL. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: MW2039). 
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Di-/'-acetato-/<:''0:0-bis{(acetato-/(:^0,0')bis[3-(l^-imidazol-l-yl-/cA^^)-l-phenylpropaii-l- 
one] cadmium} tetrahydrate 

J.-H. Guo 

Comment 

Neutral organic ligands containing rigid or flexible spacers, such as 4,4'-bipyridine, l,2-bis(4'-pyridyl)ethane, l,2-bis(4- 
pyridyl)propane and many others, have been used to generate a rich variety of metal-organic architectures with different 
metal ions by various reaction procedures (Bamett & Champness, 2003; Zaworotko, 2001 ; Roesky & Andruh, 2003). In our 
recent research, we have initiated a synthetic approach employing the ligand 3-(l//-imidazol-l-yl)-l-phenylpropan-l-one 
(L), which consists of a propanone unit substituted with an imidazole and a phenyl group, in reaction with different metal 

ions to construct new fimctional frameworks. To explore this series, we synthesized the title compound, (I), a new Cd^^ 

complex based on L. In the molecular structure of (I) (Fig. 1) each Cd^' atom is six-coordinated and exhibits a distorted 
octahedral geometry. Three O atoms from two acetate ions and one monodentate L ligand form the equatorial plane while 
one O atom from one acetate ion and the other monodentate L ligand occupy axial positions with an N3 — Cdl — 05 angle of 

170.77 (7)°. Atoms 05 and 05A of one pair of acetate ions serve to bridge the Cd^^ centers in the centrosymmetric binuclear 
units. The mean planes of the imidazole and phenyl rings in the two unique ligands are nearly perpendicular to one another 
with the angles between these planes being 78.6 (1)° and 76.2 (1)°, respectively. Analysis of the crystal packing indicates 
that intermolecular O — H - 0 hydrogen bonds involving the lattice water molecules and both types of actate ions extend the 
binuclear units to produce a 2-D supramolecular framework structure, as shown in Fig. 2. 

Experimental 

Cd(OAc)2.2H20 (26.7 mg, 0.1 mmol) and 3-(l//-imidazol-l-yl)-l-phenylpropan-l-one (22.2 mg, 0.1 mmol) were mixed 
in a CH3CN/H2O (20 ml, 1:1 v/v) solution with vigorous stirring for ca 30 min. The resulting solution was filtered and 
left to stand at room temperature. Colorless block crystals of (I) suitable for X-ray analysis were obtained in 75% yield by 
slow evaporation of the solvent over a period of 1 week. Analysis, calculated for CdC28H34N40g: C 50.42, H 5.14, N 8.40; 
found: C 50.45, H 5.03, N 8.32. 

Refinement 

Although all H atoms were visible in difference maps, they were placed in geometrically calculated positions, with C — H 
and O — H distances in the range 0.93-0.97A and 0.85 A, respectively, and included in the final refinement in the riding 
model approximation, with (7iso(H) = 1.2(7eq(C) for aromatic and methylene H atoms, and (7iso(H) = 1.5{7eq(C or O) for 
methyl and H2O H atoms 
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Figures 




Fig. 1 . The molecular structure of (I) using 30% probability ellipsoids (Symmetry transforma- 
tion used to generate equivalent atoms: -x+l,-y+2,-z+2). 



r>-i r 

T' >.< \ ■! I- 

r-,^ . ■ 



Fig. 2. The 2-D supramolecular framework structure of compound, showing O — H-- 0 hydro- 
gen bonds as red dashed lines (the L ligands have been removed for clarity). 



4 2 3 

Di-^i-acetato-K 0:0-bis{(acetato- k 0,0')bis[3-(1H-imidazol-1-yl- KiV )-1-phenylpropan-1-one]cadmium} tet- 
rahydrate 



Crystal data 

[Cd2(C2H302)4(C i2Hi2N20)4] ■4H2O 

M,-= 1333.98 

Monoclinic, P2i/c 

Hall symbol: -P 2ybc 

a = 18.818 (3) A 

6= 10.6490 (17) A 

c= 15.864 (3) A 

13= 112.036 (2)° 

K= 2946.8 (8) A^ 
Z = 2 



^■(000) = 1368 

Dx= 1.503 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 4777 reflections 

9 = 2.6-25.4° 

|i = 0.80 mm"' 

r=296K 

Block, colorless 

0.28 X 0.22 X 0.20 mm 



Data collection 

Bruker APEXII CCD area-detector 
difltactometer 

Radiation source: fine- focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
{SADABS; Sheldrick, 1996) 

r™„ = 0.808, r„,ax = 0.857 

17422 measured reflections 



6806 independent reflections 

4666 reflections with / > 2a(/) 
i?,„t = 0.027 



h = -24^24 

yt = -13^7 
/ = -19^20 



Refinement 



Refinement on F 



Primary atom site location: structure-invariant direct 
methods 
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Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[aVo^) + (0.0307P)^ + 1.0868P] 
where P = (F^^ + IF^^yS 
(A/aW = 0.004 

Apmax = 0.53 e A"^ 
Apmin = -0.46eA"^ 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the fiill covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d. 's in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R arc based on F, with F set to zero for negative F . The threshold expression of _F > a(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


^iso*^^eq 


Cdl 


(iAl\lA9 (10) 


0.990415 (18) 


1.052021 (12) 


0.03958 (7) 


01 


0.08650 (12) 


0.52281 (17) 


0.69389 (16) 


0.0617 (6) 


02 


0.09479 (14) 


1.4665 (2) 


1.14769(16) 


0.0664 (6) 


03 


0.50729 (12) 


0.9464 (2) 


1.20070(14) 


0.0602 (5) 


04 


0.41427 (12) 


0.80882 (18) 


1.14306 (14) 


0.0577 (5) 


05 


0.51810(10) 


0.86982 (17) 


1.00202 (13) 


0.0477 (5) 


06 


0.62749(11) 


0.76847 (17) 


1.04134(15) 


0.0548 (5) 


07 


0.37028 (13) 


0.5542 (2) 


0.13904(16) 


0.0776 (7) 


H7A 


0.4013 


0.5150 


0.1847 


0.116* 


H7B 


0.3785 


0.6323 


0.1363 


0.116* 


08 


0.69937 (13) 


0.5343 (2) 


0.04085 (17) 


0.0788 (7) 


H8A 


0.6793 


0.5019 


-0.0118 


0.118* 


H8B 


0.6753 


0.5955 


0.0522 


0.118* 


Nl 


0.33866(12) 


0.9077 (2) 


0.92267 (14) 


0.0397 (5) 


N2 


0.25575 (12) 


0.7856 (2) 


0.82184(15) 


0.0411 (5) 


N3 


0.33891 (13) 


1.0771 (2) 


1.11710 (16) 


0.0458 (5) 


N4 


0.26263 (13) 


1.2047 (2) 


1.15386 (16) 


0.0478 (6) 


CI 


-0.07134(16) 


0.5507 (3) 


0.6383 (2) 


0.0521 (7) 


HI 


-0.0525 


0.4736 


0.6285 


0.062* 


C2 


-0.14918(18) 


0.5682 (3) 


0.6113 (2) 


0.0621 (9) 


H2 


-0.1825 


0.5029 


0.5833 


0.075* 


C3 


-0.17788(17) 


0.6812 (3) 


0.6253 (2) 


0.0575 (8) 


H3 


-0.2305 


0.6925 


0.6070 


0.069* 



Least-squares matrix: full 
/?[i^>2a(F^)] = 0.031 

wR{F^) = o.on 

5'= 1.00 

6806 reflections 
372 parameters 
1 restraint 
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C4 


-0.12871 (17) 


0.7779 (3) 


0.6664 (2) 


0.0585 (8) 


H4 


-0.1482 


0.8548 


0.6754 


0.070* 


C5 


-0.05019(16) 


0.7610 (3) 


0.6943 (2) 


0.0506 (7) 


H5 


-0.0171 


0.8264 


0.7228 


0.061* 


C6 


-0.02075 (15) 


0.6472 (2) 


0.68013 (18) 


0.0404 (6) 


C7 


0.06321 (15) 


0.6234 (2) 


0.70880(18) 


0.0412 (6) 


C8 


0.11922(14) 


0.7264 (2) 


0.75563 (18) 


0.0421 (6) 


H8A' 


0.1106 


0.7533 


0.8094 


0.051* 


H8B' 


0.1104 


0.7979 


0.7151 


0.051* 


C9 


0.20162(15) 


0.6829 (2) 


0.7829 (2) 


0.0460 (7) 


H9A 


0.2116 


0.6157 


0.8271 


0.055* 


H9B 


0.2092 


0.6499 


0.7299 


0.055* 


CIO 


0.27050(18) 


0.8835 (3) 


0.77606 (19) 


0.0588 (8) 


HIO 


0.2492 


0.8969 


0.7136 


0.071* 


Cll 


0.32162 (17) 


0.9573 (3) 


0.8380 (2) 


0.0535 (8) 


Hll 


0.3423 


1.0308 


0.8253 


0.064* 


C12 


0.29864(15) 


0.8039 (3) 


0.91023 (18) 


0.0435 (6) 


H12 


0.2998 


0.7497 


0.9567 


0.052* 


C13 


0.2737 (2) 


1.1008 (3) 


1.2069 (3) 


0.0884 (14) 


HIS 


0.2532 


1.0861 


1.2511 


0.106* 


C14 


0.3193 (2) 


1.0238 (3) 


1.1839 (3) 


0.0791 (12) 


H14 


0.3355 


0.9452 


1.2095 


0.095* 


C15 


0.30280 (15) 


1.1856 (3) 


1.10107(19) 


0.0456 (7) 


H15 


0.3050 


1.2428 


1.0578 


0.055* 


C16 


0.21135(17) 


1.3088 (3) 


1.1499 (2) 


0.0533 (7) 


H16A 


0.2235 


1.3793 


1.1189 


0.064* 


H16B 


0.2189 


1.3352 


1.2112 


0.064* 


C17 


0.12822(16) 


1.2713 (3) 


1.1001 (2) 


0.0529 (7) 


H17A 


0.1193 


1.2571 


1.0366 


0.063* 


H17B 


0.1188 


1.1928 


1.1252 


0.063* 


CIS 


0.07216 (17) 


1.3690 (3) 


1.10664(19) 


0.0496 (7) 


C19 


-0.01133 (18) 


1.3416(3) 


1.0617 (2) 


0.0528 (8) 


C20 


-0.03927 (19) 


1.2307 (4) 


1.0159 (2) 


0.0643 (9) 


H20 


-0.0052 


1.1694 


1.0127 


0.077* 


C21 


-0.1179(2) 


1.2100(4) 


0.9745 (2) 


0.0803 (11) 


H21 


-0.1363 


1.1349 


0.9442 


0.096* 


C22 


-0.1684(2) 


1.3016 (6) 


0.9789 (3) 


0.0948(15) 


H22 


-0.2209 


1.2887 


0.9508 


0.114* 


C23 


-0.1412(3) 


1.4115 (5) 


1.0246 (3) 


0.0941 (15) 


H23 


-0.1755 


1.4725 


1.0278 


0.113* 


C24 


-0.0635 (2) 


1.4325 (4) 


1.0659 (2) 


0.0701 (10) 


H24 


-0.0456 


1.5074 


1.0967 


0.084* 


C25 


0.4710 (2) 


0.8497 (3) 


1.2087 (2) 


0.0580 (8) 


C26 


0.4947 (2) 


0.7839 (4) 


1.2998 (2) 


0.0951 (13) 


H26A 


0.4505 


0.7716 


1.3152 


0.143* 


H26B 


0.5316 


0.8344 


1.3456 


0.143* 


H26C 


0.5170 


0.7040 


1.2962 


0.143* 


C27 


0.55988 (16) 


0.7733 (2) 


1.03291 (19) 


0.0414 (6) 


C28 


0.5239 (2) 


0.6615 (3) 


1.0586 (3) 


0.0913 (14) 
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H28A 


0.5395 


0.5864 


1.0368 


0.137 






H28B 


0.4691 


0.6690 


1.0319 


0.137 


* 




H28C 


0.5402 


0.6574 


1.1236 


0.137 


* 




Atomic displacement parameters (A^) 
















rr33 

u 


U 


U 


rr23 

u 


Cdl 


0.03298(11) 


0.04915(12) 




—A AA'741 {Ci\ 

U.UUz41 yy) 


A AAQ^A /"QA 
U.UU?SjU yo) 


—A AAO 1 7 /"OA 

u.uuzi / (^yj 


01 


0.0458 (12) 


0.0424 (11) 


u.uy 13 ( 1 /j 


— U.UUzo yy) 


AAl m z' 1 TA 

u.uiyz (,izj 


AAlTO/'llA 

— U.U1Z6 (1 1 J 


02 


0.0781 (16) 


0.0553 (13) 


U.U /Ui y\-j) 


A A1 ^/l 1 1 A 
U.Ui j4 ( i 


A A10C f 1 1A 
U.U3Zo (13^ 


A AA07 /■! OA 
U.UUZ / ( IZJ 


03 


0.0589(14) 


0.0645 (13) 


U.U4 /U (lUJ 


A AAQ/^ 1 1 A 

u.uuyo (1 1 j 


A AA7Q fQ\ 

U-UU /y yy ) 


A AA7/^ 1 AA 
U.UU /O (lUJ 


04 


0.0689(15) 


0.0505 (12) 


U.U40/ 


A A1 1 Q /"I A"\ 

U.UI ly (,iuj 


A Al /"I T\ 

U.U 130 (,1 1 J 


A AA^I /"I AA 

U.UUj3 (,1UJ 


05 


0.0434 (12) 


0.0385 (10) 


(\ (\(^'X 1 ('\'X\ 


A AA/1 1 f'CA 


A AOO 1 f'l AA 
U.UZZl ^^lUJ 


A AA 1 1 f'QA 
U.UU 11 (^V J 


06 


0.0438(12) 


0.0479 (11) 


U.U 1 ly yVo) 


A AA^Q /OA 

U.UUjV \ y ) 


A AOCQ f'l 1 A 
U.UZoV (,1 1 J 


A AATl ^^ AA 

U.UU33 (,lUj 


07 


0.0796 (17) 


0.0774(15) 




—A AA/^Q ^^ 1^ 
U.UUOy yi-j) 


A AOAQ ^^ 1^ 
yj.yjZyjy yij) 


A AA/1 A /"l TA 

U.UU4U yi-j) 


08 


0.0659 (16) 


0.0728 (15) 


A AO CI /I Q\ 

U.UoJi (,loJ 


U.Uz /o y^Z) 


A Al /"I lA 

U.U13(S y^j) 


—A AA4A /"IIA 

U.UU4U (,13 J 


Nl 


0.0307(12) 


0.0490(13) 


U.U3 j4 \ 


A AA1A f"! AA 
U.UU3U (, iUJ 


A AA7C /l fW 
U.UU /o (,1UJ 


A AAOS /l AA 
U.UUZo yi-\)) 


N2 


0.0321 (12) 


0.0442(12) 


A ATOQ (\ OA 


A AA/IQ /OA 

U.UU4y yy) 


A AA^^ ^^ fW 
yj.yjKjjj y^yj) 


A AA IS / 1 AA 

U.UU1<5 vlUj 


N3 


0.0411 (14) 


0.0507 (13) 




A AAAO /"I 1 ^ 

u.uuoy (,i ij 


A Al QT /"l 1 A 

U.Ulo / (,11J 


A AA^Q /"I 1 A 

u.uujy 1,11 J 


N4 


0.0452 (14) 


0.0506(13) 


A ACIT {\ A\ 


A A1 A1 /■! 1 A 
U.U1U3 (,1 1 J 


A AO ^4 /"I OA 
U.UZj4 vlZJ 


A AAQA /"I OA 
U.UUoO v^ZJ 


CI 


0.0436 (17) 


0.0450(15) 


A A/i'l /">\ 

U.U03 \L ) 


—A AASO /l TA 
U.UUoZ (,13J 


A A 1 ^0 /l ^A 

U.U 1 jZ (,1 jJ 


A AA10 ^'^ A\ 
U.UU3Z Vl4J 


C2 


0.0427(19) 


0.069 (2) 


A AAQ 


A Al 7^ /^A 

U.UI / J vioj 


A A 1 /I /I / 1 A 
U.U144 ylO) 


A AA^/1 ^^ QA 
U. UU J4 (l<5j 


C3 


0.0347(17) 


0.082 (2) 


A AC -24 /"I 


—A AAA 1 /" 1 
U.UUUl V^Oj 


AAl 44 /" 1 4A 
U.U144 1^14^ 


A AAA7 /"I 7A 

U.UUO / (,1 / J 


C4 


0.0493 (19) 


0.0628 (19) 


A A/; 1 
U-Uol yZ) 


A AAC/1 /■! 
U.UUo4 yi-J) 


A A 1 C/1 f'l /^A 
U.U 154 (^lOj 


A AA1A f'l /^A 
U.UU3U (, lOj 


C5 


0.0412 (17) 


0.0498(16) 


U.Ujj4 ylo) 


A AA1 A /■ 1 1\ 

— U.UU3U (13j 


AA110/'1/1A 

U.UI lo (,14j 


A nn/^/^ 1 /I A 
— U.UUoo (14j 


C6 


0.0377(15) 


0.0437 (14) 


A naoQ /I c\ 
U.UjSo yi-J) 


A AA^ 1 

U.UUj L yLZ) 


A Al "3 1 /I ^A 

U.U131 vlZj 


A AAAA /I OA 

U.UUUO (IZj 


C7 


0.0401 (16) 


0.0377 (14) 




U.UU4Z (^1 1 J 


AAl OA /"I lA 
U.UIZO i,13J 


A AAl A /"I OA 

U.UU14 yi-Z) 


C8 


0.0372(15) 


0.0396 (14) 


A A/1 CT /I /:\ 


A AA/1 1 f'l 1 A 
U.UU4 i i i J 


U.U luo yij) 


A AAOQ ('^ OA 

u.uuzy (, izj 


C9 


0.0390(16) 


0.0398 (14) 


U.UjZo (1 /j 


A AA/^ A /■ 1 TA 

— U.UUoU ylZ ) 


AA1A1 ^^ 1\ 

U.UIUI (,13j 


A AA/^n 1 T A 

— U.UUoV (,13j 


CIO 


0.069 (2) 


0.0658 (19) 


A A'50'7 /l ^A 


—A AOO/^ ^^ AA 


A AACO ^^ ^A 

yj.yjyjoZ yij) 


A AA1Q /I /I A 
U.UU3y (14j 


Cll 


0.0566 (19) 


0.0522 (17) 


A A44A /I /;"\ 


—A A1 CT /"IJ^^ 
U.UlO / (,l4J 


A Al Al /"l 4A 
U.UIUI (,14J 


A AA4Q /"I^A 
U.UU4cS (,14J 


C12 


0.0349(15) 


0.0516(16) 


A ATQ^^ /l ^A 


A AA/1 0 /I OA 
U.UU4Z i,lZJ 


A AAQl /I OA 
U.UUVl yi-Z) 


A AA^^ /l OA 

U.UUjD yi-Z) 


C13 


0.105 (3) 


0.082 (3) 


A 1 1 '7 f'X\ 

U.l 1 / (^jj 


A A/IO /">"\ 
U.U4Z (^ZJ 


A AQ7 /"lA 

U.U<5 / v3J 


A A^A /OA 

U.UjU yZ) 


C14 


0.092 (3) 


0.067 (2) 


A 1 AQ rri\ 


A All /"OA 


A ATO 

U.U /Z (^3 J 


A A41 /"OA 

U.U41 {^Z) 


C15 


0.0405 (16) 


0.0544(17) 


A AAO^ /"I 


U.UU34 yi-j) 


A Al /^/1 /"I 1A 

U.U 104 vl3j 


A AAQO /■! 1A 
yj.WoZ yi-j) 


C16 


0.056 (2) 


0.0467 (16) 


A A/^T *">A 
U.UuZ (Z ) 


A AAOn /"I /1\ 

U.UUoV (I'^-J 


A A07^ /"\ 
U.UZ /j (lOJ 


A AAl /"l /1A 

U.UUlo (14j 


C17 


0.0543 (19) 


0.0532 (17) 


A A^/IA /"l SA 
U.U J40 yi-o) 


A A1 1 C /1\ 

U.UI 1 J (i4j 


A AO/1/1 ^A 

U.UZ44 yi-J) 


A AAA7 / 1 /I A 

U.UUU / (14J 


C18 


0.058 (2) 


0.0533 (17) 


A A^IA /"I AA 
U.U4jU \ 


A A1 TO /"I ^A 
U.UI /Z (^1 


A AO^^ /"I ^A 

U.UZDj (,ijJ 


A Al 1 A /"I 4A 
U.UI 10 (,14j 


C19 


0.0548(19) 


0.068 (2) 


A A/1 1^ f'l 1\ 
U.U4ZJ y i- / ) 


U.UZUO yvy^) 


A A0^7 /l ^A 

U.UZj / yi-J) 


A Al CA f'l ^A 

U.UI oU yij) 


C20 


0.051 (2) 


0.095 (3) 


A A/1 7Q f 1 OA 
U.U4 /y yiy) 


A Al 1f>. /l QA 

U.UIZO yi-y) 


A AO A/1 f'l 
U.UZU4 y i-O) 


A AAQA ^^ SA 
U.UUVU t^loj 


C21 


0.060 (2) 


0.129 (3) 


A A^ A /'TA 

U.UjU yZ ) 


A AAl /TA 

— U.UUl yZ) 


A Al 0^ /'I OA 

U.Uloj (loj 


A AAO /TA 

u.uuy (Zj 


C22 


0.053 (2) 


0.179 (5) 


A A^^ 

U.U J J (Z) 


A AOO /"lA 


A AOI /"OA 
U.UZ3 (^ZJ 


A A4A /"5A 
U.U40 (^3J 


C23 


0.073 (3) 


0.147 (4) 


A AT? 

U.U / / (3) 


A A/CA 

U.UoU (3) 


A A /I /C \ 

U.U4o (3) 


A AC? 

U.Ud / (3) 


C24 


0.069 (3) 


0.087 (2) 


0.067 (2) 


0.0357(19) 


0.040 (2) 


0.0285 (19) 


C25 


0.066 (2) 


0.0524(19) 


0.0524(19) 


0.0215(16) 


0.0184(18) 


0.0097(15) 


C26 


0.116(3) 


0.083 (3) 


0.058 (2) 


0.007 (2) 


0.001 (2) 


0.029 (2) 


C27 


0.0458 (17) 


0.0341 (13) 


0.0492(16) 


-0.0003 (12) 


0.0233 (14) 


-0.0051 (12) 


C28 


0.097 (3) 


0.0394(18) 


0.172(4) 


0.0031 (18) 


0.090 (3) 


0.010(2) 
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Geometric parameters (A, °) 



PHI OS' 


2.2331 (18) 


C7 — C8 


1.509 (3) 


PHI Nl 




PS PQ 

^O W7 


1 S 1 S (X\ 

i . J i o yj ) 


PHI 




CR HS A' 


0 0700 


Cdl 03 


2.354 (2) 


PS H8B' 


0.9700 


Cdl— 04 


2.446 (2) 


C9— H9A 


0.9700 


Cdl— 05 


2.5855 (18) 


C9— H9B 


0.9700 


Cdl— C25 


2.749 (3) 


CIO— CI 1 


1.342 (4) 


01— C7 


1.214(3) 


CIO— HIO 


0.9300 


02— C18 


1.215 (3) 


Cll— Hll 


0.9300 


03— C25 


1.268 (4) 


C12— H12 


0.9300 


04— C25 


1.257 (4) 


C13— C14 


1.334(4) 


05— C27 


1.275 (3) 


C13— H13 


0.9300 


OS PHI' 


2.2331 (18) 


C14 — H14 


0.9300 




1 99Q n"! 


P1 S H1 S 


0 O'^OO 


07 H7 A 
yj 1 — jn / 


V.O JWU 


P1 fi P1 7 


1 S 1 7 tA\ 
i . J i / y^ ) 


07 H7R 


n 8400 


pifi HlfiA 

V_. i U I 1 i Urt. 


0 0700 


OS H8 A 
wo — jnort 


U.O JvU 


v. i U 1 1 i \JD 


n 0700 

U. 7 / uu 


OS HSR 


v.o JV/V 




1 S 1 9 f^4"> 


IN i — V„ i z. 


1^11 (V\ 


CM H17A 


0 0700 




i . JU*T ^ 


CM TT17R 
i / — n 1 /j_> 


0 0700 
yj.y iKjyj 






pi Q pi q 
V i o — V i y 


1 400 (A\ 


N9 Pin 


i . J Jo yj ) 


piq P9n 


1 '^S9 (^S'l 


N9 PO 








1 ^OS (A\ 


N"? PI S 


111/; c-j-i 


P90 P9 1 


i.j:7j ^^t^ 


N'? PM 




P70 H70 


0 O'^OO 


PI S 


i . J JO ) 


P91 P79 


1 ^S9 (f)^ 

i . JOZ J 






P9 1 TJO 1 


0 0^00 






P99 P9'3 


1 ^71 


PI P9 

— wz. 


1 ^7fi C4'l 


P99 TJ99 


0 O'^OO 


P1 Pfi 




1 ^SR (A\ 
i . joo yH J 


P9^ P9zL 


1 ^70 

I ,D ly yj ) 


PI TT1 

JTLi 


v. !?JvV/ 




0 0^00 


C2— C3 


1.371 (4) 


C24— H24 


0.9300 


C2— H2 


0.9300 


C25— C26 


1.514(4) 


C3— C4 


1.374(4) 


C26— H26A 


0.9600 


C3— H3 


0.9300 


C26— H26B 


0.9600 


C4— C5 


1.386 (4) 


C26— H26C 


0.9600 


C4 — H4 


0.9300 


C27— C28 


1.499 (4) 


C5— C6 


1.386 (4) 


C28— H28A 


0.9600 


C5— H5 


0.9300 


C28— H28B 


0.9600 


C6— C7 


1.492 (4) 


C28— H28C 


0.9600 


05*- Cdl— Nl 


100.91 (7) 


Cll— CIO— N2 


107.0 (2) 


05*- Cdl— N3 


115.03 (7) 


Cll— CIO— HIO 


126.5 


Nl— Cdl— N3 


102.24 (8) 


N2— CIO— HIO 


126.5 


05'- Cdl— 03 


105.01 (8) 


CIO— Cll— Nl 


109.5 (2) 


Nl— Cdl— 03 


145.14(8) 


CIO— Cll— Hll 


125.2 
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N3— Cdl— 03 


87.54 (8) 


05'— Cdl— 04 


154.40 (7) 


Nl — Cdl — 04 


93.31 (8) 


N3— Cdl— 04 


82.00 (7) 


03— Cdl— 04 


54.55 (8) 


05— Cdl— 05 


72.10(7) 


Nl — Cdl — 05 


81.39 (7) 


N3— Cdl— 05 


170.77 (7) 


03— Cdl— 05 


84.80 (7) 


04 — Cdl— 05 


89.35 (6) 


i^A^ f^iz 


ni ^7 


"Ml f^A] /~">^ 

JN 1 — cai — czj 


1 1 o o 1 i ^ fW 

iiy.yi (luj 


xri PHI 




03— Cdl— C25 


21. AO (9) 


04— Cdl— C25 


27.21 (8) 


05— Cdl— C25 


88.09 (8) 


C25— 03— Cdl 


93.93 (19) 


C25— 04— Cdl 


89.92 (19) 


C27 — 05 — Cdl^ 


110.77 (16) 


C27— 05— Cdl 


133.36 (17) 


L-ui — Uj — L-ui 


1 07 90 


W7 A r^l WTO 
11 /A LI / tl/ti 


M ^ A 
llO.'f 


rioA — Uo — rlorS 


1 10.3 


1 9 Ml 1 1 


IUj.O (^ZJ 


Ulz — JN 1 — Ual 


1 OQ 01 /"I Q^ 

izy.zi (lisj 


CI 1 — JN 1 — Cell 


IZj.ZU (loj 


C 1 Z — JN Z — C 1 U 


lUO.j (Z j 


c 1 z — IN z — cy 


IZO.o (Zj 


c 1 u — JN z — cy 


IZO. / (,ZJ 


C 1 J — JN 3 — C 1 4 


1 PtA 1 /">\ 

1U4.1 (Zj 


CI J — JN J — Cell 


IZy.OJ yio) 


C14 — JNi — Cal 


1 0/; 01 /"I Q"\ 

izo.zi (lyj 


CI J — ^JN4 — Cli 


lUj.y (zj 


CI J — JN4 — Clo 


IZ /.O (Zj 


CI J — JN4 — Clo 


IZO. J (Z j 


Cz — CI — Co 


IzU.j (i ) 


/^O TT-t 

Cz — C 1 — Ml 


iiy. / 


r^/r r^i tti 
Co CI rll 


1 1 O T 
1 IV. / 


C3 — CZ — C 1 


1ZU.4 (3 j 


r^i XT') 

Cj CZ xxZ 


1 1 Q C 

1 ly.o 


/"'I /"'T m 
C 1 — CZ — rlZ 


lino 

1 ly.o 


f^'^ f^l f^A 

CZ — C3 — C4 


1 ly.y (J J 


CZ — CJ — ri6 


1 'lA 1 

IZU.l 


C4— C3— H3 


120.1 


C3— C4— C5 


120.2 (3) 


C3— C4— H4 


119.9 


C5— C4— H4 


119.9 


C4— C5— C6 


120.3 (3) 



Nl— Cll— Hll 


125.2 


Nl— C12— N2 


111.5(2) 


Nl — C12 — ^H12 


124.3 


N2 — C12— H12 


124.3 


C14— C13— N4 


107.2 (3) 


C14— C13— H13 


126.4 


N4 — C13— H13 


126.4 


C13 — C14— N3 


110.2 (3) 


C13 — C14 — H14 


124.9 


N3 — C14— H14 


124.9 


M"? ri S ^N4 


i i Z .U 1 Z 1 


JNJ — CI J — HID 


1 n 
Hi. 1 


xT/i r^i < XJ1 ^ 
INt^ — Ci J — ^rll J 


LZj. 1 


M4 ri fS ri7 


111.1 (2) 


N4 — C16— H16A 


109.4 


C17— C16— H16A 


109.4 


N4— C16— H16B 


109.4 


C17— C16— H16B 


109.4 


H16A— C16— H16B 


108.0 


C18 — C17 — C16 


113.1 (3) 


pio pi7 tri7A 

\^lo I JTLi In 


1 no 0 


/^liC r^\n xjn A 
L-lO — L.1 / — Ml /A 


1 AA A 


/"'lo ^^^^ uitd 
Clo — CI / — rll ID 


1 An A 
1U9.U 


Clo — CI / — Ml ZD 


1 An A 


XJ 1 T A 1 T XJ 1 ^D 

Ml /A — CI / — Ml la 


1 nn o 
1U/.5 


KjL — C 1 o — C 1 9 


Izl.z (i) 


U/ — C 1 S — C 1 / 


1 TA "7 /I \ 

IzU. / (i) 


/"'in /^io 

C19 — Clo — CI / 


1 1 O A 

Uo.U {i) 


/^OA 

C2(J — C 1 9 — C24 


1 1 O O 

118.8 (3) 


CzU — C 1 9 — C 1 0 


lz/.9 (i) 


t~^'^A /^in 1 o 
Cz4 — C 1 9 — C 1 0 


110.3 (i) 


/^1A /^OA 

C 1 9 — CzU — C2 1 


1 'lA T /^Q \ 

IzU. / {i) 


r^lO /^OA TJOA 

Ciy — CzU — MZU 


1 1 Q T 

iiy. / 


/^Tl /^TA mA 

C/ 1 — C/U — M/U 


1 1 n T 

1 ly. / 


/^T> /^Tl /^TA 

Czz — Cz 1 — CzU 


line /'A\ 
119.5 (4) 


Czz — Cz 1 — Mz 1 


1 OA 1 


CzU — Cz 1 — M2 1 


1 OA "5 


/^T3 /^T> /^Tl 

Cz3 — Czz — Cz 1 


1 OA O 

IzU.Z (4J 


/^TQ /^T> 

Czj — Czz — Mzz 


linn 
119.9 


/^OO TTOO 

Czl — Cz2 — Mzz 


linn 

119.9 


/^OO /^Tl /^T^ 

Czz — Cz3 — Cz4 


1 OA C //I \ 

IzU.D (4) 


/^T> /^oi mi 
Czz — Czj — Mz3 


1 1 n "7 
119./ 


/^">/1 /^">1 TTOT 

Cz4 — CzJ — Mzj 


119.7 


C23— C24— C19 


120.3 (4) 


C23— C24— H24 


119.9 


C19— C24— H24 


119.9 


04— C25— 03 


121.3 (3) 


04— C25— C26 


119.0 (3) 
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/^A 

C4 — Cj — Hi 


linn 

1 ly.y 


\Ji — C/D — C/O 


1 1 n T 
Uy./ (3) 


f^Z TUC 

Co — CD — HD 


linn 

iiy.y 


U4 — Cz D — Co 1 


ot /I /:\ 

oz.o/ (lo) 


/^c /^iC 

L.3 — Co — CI 


1 1 0. / (3 J 


Ui — CZD — Cdl 


CO ^1 /1C\ 

30.0/ (ID) 


CD — Co — C / 


HI. 1 (1) 


r^'^a ^^A^ 
Czo — CZD — Cu 1 


1 /3.D (zj 


/"'I f^ii r^n 
CI — Co — C/ 


1 1 o c /">\ 

11 0.5 (/) 


t^^'^z f^"<i^ m/; A 
CZ5 — Czo — HZOA 


1 An c 


/"'T f^£i 

Ul — C/ — Co 


IZU.O \1) 


CZD — Czo — HZOrJ 


1 An c 


r^n r^o 
Ul — C/ — Co 


IzU.U (1) 


rLZoA — Czo — rLZOD 


1 An c 

loy.D 


/^jc f~*o 
Co — C / — Co 


1 1 n yl 
liy.4 (I) 


CzD — Czo — MzoC 


1 An c 


t^o t~^c\ 

c / — Co — cy 


111 /C 
111.0 \1) 


HzoA — Czo — HZOC 


1 An c 


/^n /^Q JJQ A ' 

C / — Co — tioA 


1 An 1 

iuy.3 


HZOri — Czo — HZOC 


1 An z 


r^o xjo A t 
cy — Co — HoA 


1 An 

iuy.3 


UO — Cz / — UD 


Izz.o (ZJ 


C / — Co — Hod 


1 An 1 

iuy.3 


Uo — Cz / — Czo 


1 1 n /I ti\ 
liy.4 (3) 


cy — Co — HoB 


1 An 1 


Uj — Cz / — Czo 


1 1 O A 

Uo.U (3) 


HoA — Co — Hod 


1 AO A 


/"'n /^To mo A 
Cz / — Czo — HZoA 


1 An c 


N2 C9 08 


111.5 (2) 


C27 C28 H28B 


109.5 


N2— C9— H9A 


109.3 


H28A— C28— H28B 


109.5 


C8— C9— H9A 


109.3 


C27— C28— H28C 


109.5 


N2— C9— H9B 


109.3 


H28A— C28— H28C 


109.5 


C8— C9— H9B 


109.3 


H28B— C28— H28C 


109.5 


H9A— C9— H9B 


108.0 






05' — Cdl — 03 — C25 


-165.80(17) 


CIO— N2— C9— C8 


-73.3 (4) 


Nl — Cdl — 03 — C25 


-29.1 (2) 


C7 — C8 — C9 — ^N2 


175.6 (2) 


N3— Cdl— 03— C25 


78.93 (18) 


C 12— N2— C 1 0— C 1 1 


0.1 (3) 


04— Cdl— 03— C25 


-3.00 (17) 


C9— N2— CIO— Cll 


178.0 (3) 


05— Cdl— 03— C25 


-95.91 (18) 


N2— CIO— Cll— Nl 


-0.7 (4) 


05' — Cdl — 04 — C25 


44.4 (3) 


C12— Nl— Cll— CIO 


1.1 (3) 


Nl— Cdl— 04 — C25 


168.43 (18) 


Cdl— Nl— Cll— CIO 


179.5 (2) 


N3— Cdl— 04 — C25 


-89.67 (18) 


Cll— Nl— C12— N2 


-1.1 (3) 


03 — Cdl — 04 — C25 


3.02 (17) 


Cdl — Nl — C12— N2 


-179.42 (16) 


05 — Cdl — 04 — C25 


87.10 (18) 


CIO — N2 — C12 — ^Nl 


0.6 (3) 


KJj Cai KJj — cz / 


144.8 (3) 


C9 ^N2 C12 ^Nl 


-177.3 (2) 


Nl— Cdl— 05— C27 


-110.7 (2) 


C15— N4— C13— C14 


-0.3 (4) 


N3— Cdl— 05— C27 


3.1 (6) 


C16— N4— C13— C14 


174.2 (3) 


03— Cdl— 05— C27 


37.2 (2) 


N4— C13— C14— N3 


0.7 (5) 


04— Cdl— 05— C27 


-17.2 (2) 


C15— N3— C14— C13 


-0.9 (4) 


C25— Cdl— 05— C27 


10.0 (2) 


Cdl— N3— C14— C13 


177.8 (3) 


05'— Cdl— 05— Cdl' 


0.0 


C14 — ^N3 — C15 — ^N4 


0.7 (4) 


Nl— Cdl— 05— Cdl' 


104.48 (9) 


Cdl — N3 — C15 — N4 


-Xll.Kl (18) 


N3— Cdl— 05— Cdl' 


-141.7 (4) 


C13— N4— C15— N3 


-0.3 (4) 


03— Cdl— 05— Cdl' 


-107.62 (9) 


C16— N4— C15— N3 


-174.7 (3) 


04— Cdl— 05— Cdl' 


-162.07 (8) 


C15— N4— C16— C17 


100.1 (3) 


C25 — Cdl — 05 — Cdl' 


-134.88 (10) 


C13— N4— C16— C17 


-73.3 (4) 


05*— Cdl— Nl— C12 


164.3 (2) 


N4— C16— C17— C18 


171.1 (2) 


N3— Cdl— Nl— C12 


-76.8 (2) 


C16— C17— C18— 02 


0.8 (4) 


03— Cdl— Nl— C12 


26.7 (3) 


C16— C17— C18— C19 


-178.9 (2) 


04— Cdl— Nl— C12 


5.7 (2) 


02— C18— C19— C20 


-178.7 (3) 


05— Cdl— Nl— C12 


94.5 (2) 


C17— C18— C19— C20 


1.0(4) 
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C25— Cdl— Nl— C12 


11.8 (3) 




02— C 1 8— C 1 9— C24 




1.5 (4) 




-13 7 (2) 




C 1 7 — C 1 8 — C 1 9 — C24 




-178.7 (3) 


N3 — Cdl — ^Nl — Cll 


105.1 (2) 




C24 — C 1 9 — C20 — C2 1 




0 1 (5) 


03— Cdl— Nl— Cll 


-151.3 (2) 




C 1 8— C 1 9— C20— C2 1 




-179.6(3) 


OA — Cdl— Nl— Cll 


-172.4 (2) 




C 1 9— C20— C2 1 — C22 




0.4 (5) 


05 — Cdl — Nl — Cll 


-83.5 (2) 




C20 — C2 1 — C22 — C23 




-0.8 (6) 


C25 — Cdl— Nl — Cll 


-166.3 (2) 




C2 1 — C22 — C23 — C24 




0.7 (6) 


O^' PHI M'? PIS 


25.8 (3) 




C22 — C23 — C24 — C19 




-0 1 {S\ 


Nl— Cdl— N3— C15 


-82.6 (2) 




C20— C19— C24— C23 




-0.3 (5) 


03— Cdl— N3— CI 5 


131.2 (2) 




C18— C19— C24— C23 




179.5 (3) 


04— Cdl— N3— CI 5 


-174.2 (3) 




Cdl— 04— C25— 03 




-5.3 (3) 


05— Cdl— N3— C15 


165.2 (3) 




Cdl— 04— C25— C26 




172.9 (3) 


C25— Cdl— N3— C15 


158.3 (3) 




Cdl— 03— C25— 04 




5.6(3) 


05*- Cdl— N3— C14 


-152.5 (3) 




Cdl— 03— C25— C26 




-172.7 (3) 


Nl— Cdl— N3— C14 


99.1 (3) 




05' — Cdl — C25 — 04 




-156.24 (15) 


03 — Cdl — ^N3 — C14 


-47 1 (3) 




Nl — Cdl — C25 — 04 




-13 4 (2") 


04 — Cdl — ^N3 — C14 


1 5 (3") 




N3 — Cdl — C25 — 04 




86.62 (18) 


05 — Cdl — N3 — C14 


-13.1 (6) 




03 — Cdl — C25 — 04 




-174.6 (3) 


C25— Cdl— N3— C14 


-20.0 (3) 




05— Cdl— C25— 04 




-92.28 (17) 


C6— CI— C2— C3 


0.0 (5) 




05' — Cdl — C25 — 03 




18.4(2) 


CI— C2— C3— C4 


0.2 (5) 




Nl— Cdl— C25— 03 




161.30(16) 


C2— C3— C4— C5 


-0.5 (5) 




N3— Cdl— C25— 03 




-98.73 (18) 


C3— C4 — C5— C6 


0.8 (5) 




04— Cdl— C25— 03 




174.6 (3) 


C4 — C5 — C6 — CI 


-0.6 (4) 




05 — Cdl — C25 — 03 




82.37 (17) 


C4 — C5 — C6 — C7 


-179 9 G1 




OS' PHI P9S P7fi 




95 {T\ 


C2— CI— C6 — C5 


0.2 (4) 




Nl— Cdl— C25— C26 




-122 (2) 


C2— CI— C6— C7 


179.6 (3) 




N3— Cdl— C25— C26 




-22 (2) 


C5— C6— C7— 01 


-179.0 (3) 




03— Cdl— C25— C26 




77(2) 


CI— C6— C7— 01 


1.7 (4) 




04— Cdl— C25— C26 




-108 (2) 


C5— C6— C7— C8 


0.2 (4) 




05— Cdl— C25— C26 




159 (2) 


pi Cfy P7 PS 


—170 1 
1/7.1 \j) 




Cdl — 05 — C27 — 06 




o.O yj) 


Ol— C7— C8— C9 


-3.1 (4) 




Cdl— 05— C27— 06 




-135.5 (2) 


C6— C7— C8— C9 


177.7 (2) 




Cdl'— 05— C27— C28 




-170.7 (2) 


C12— N2— C9— C8 


104.2 (3) 




Cdl— 05— C27— C28 




45.2 (4) 


Symmetry codcsi (i) ~x+l, ~^v+2, ~ 


z— Z. 










Hydrogen-bond geometry (A, °) 












D—Yl-A 




D—n 


Yi-A 


D-A 


D—Vl- 


07— H7A-03" 




0.85 


2.11 


2.949 (3) 


169 


07— H7B-04'" 




0.85 


1.99 


2.829 (3) 


171 


08— H8B-06'" 




0.85 


2.03 


2.838 (3) 


159 


08— H8A-07" 




0.85 


1.97 


2.818 (3) 


174 


Symmetry codes: (ii) -x+l,y-\/2, 


-z+3/2; (iii)x,3;, 


z-1; (iv) 


-x+l,^l,-z. 
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